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Abstract

May-Thurner syndrome (MTS) is the pathologic com-
pression of the left common iliac vein by the right
common iliac artery, resulting in left lower extremity
pain, swelling, and deep venous thrombosis. Though
this syndrome was first described in 1851, there are
currently no standardized criteria to establish the
diagnosis of MTS. Since MTS is treated by a wide
array of specialties, including interventional radiology,
vascular surgery, cardiology, and vascular medicine,
the need for an established diagnostic criterion is
imperative in order to reduce misdiagnosis and inappro-
priate treatment. Although MTS has historically been
diagnosed by the presence of pathologic features, the
use of dynamic imaging techniques has led to a more
radiologic based diagnosis. Thus, imaging plays an
integral part in screening patients for MTS, and the
utility of a wide array of imaging modalities has been
evaluated. Here, we summarize the historical aspects of
the clinical features of this syndrome. We then provide
a comprehensive assessment of the literature on the
efficacy of imaging tools available to diagnose MTS.
Lastly, we provide clinical pearls and recommendations
to aid physicians in diagnosing the syndrome through
the use of provocative measures.

Key words: May-Thurner; Thrombosis; Diagnostic; Iliac
compression; Vascular; Imaging
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Core tip: There is currently no gold standard diagnostic
criterion in iliac vein compression syndrome. Historically,
the presence of pathologic factors has been the main
component in diagnosis; however, imaging techniques
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have led to a more radiologic-based diagnosis. This
review details the clinical and radiologic challenges
in the diagnosis of Iliac vein compression syndrome
and presents clinical pearls that may help in deciding
whether an endovascular intervention should be
performed.

Brinegar KN, Sheth RA, Khademhosseini A, Bautista J, Oklu
R. Iliac vein compression syndrome: Clinical, imaging and
pathologic findings. World J Radiol 2015; 7(11): 375-381
Available from: URL: http://www.wjgnet.com/1949-8470/full/v7/
i11/375.htm DOTI: http://dx.doi.org/10.4329/wjr.v7.i11.375

INTRODUCTION

Iliac vein compression syndrome, also know as May-
Thurner syndrome (MTS), is caused by both mechanical
and physiologic factors; the chronic pulsatile compre-
ssion of the left common iliac vein (LCIV) by the right
common iliac artery (RCIA) stimulates the formation
of fibrotic adhesions that can cause partial or complete
iliac vein obstruction over time'?. The true incidence
of MTS is not known. However, iliofemoral thrombosis
is responsible for approximately 2%-3% of lower limb
deep venous thrombosis (DVT) cases and approximately
50%-60% of left sided iliofemoral DVT cases exhibit
iliac vein spurs resulting from extrinsic compression®®.,
Thus, MTS is a reasonably common occurrence and a
greater level of clinical suspicion is necessary.

Although MTS has historically been diagnosed by
the presence of pathologic features, the use of dynamic
imaging techniques has led to a more radiologic based
diagnosis. However, a diagnosis of MTS relies on both
clinical and imaging findings because the presence
of iliac vein compression alone is insufficient for a
diagnosis. There are currently no standardized clinical
or radiologic diagnostic protocols in place to aid in the
identification of MTS. Since MTS is treated by a wide
array of specialties, including interventional radiology,
vascular surgery, cardiology, and vascular medicine, the
need for an established diagnostic criterion is imperative
in order to reduce misdiagnosis and inappropriate
treatment. MTS patients generally do not respond well
to conservative treatments; thus, early diagnosis and
treatment is paramount in order to avoid complications
such as iliofemoral DVT or venous insufficiency™*. This
review will describe the clinical presentations of MTS
and focus on the imaging modalities that have been
used in aiding and confirming a diagnosis.

HISTORICAL BACKGROUND

In 1851, Virchow noted the first anatomical evidence
for MTS when he observed an increased frequency
of DVT in the left leg due to the compression of the
left iliac vein between the overlying right iliac artery
and the fifth lumbar vertebrae™. In 1908, McMurrich
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examined the iliac veins of 107 cadavers and observed
that 29.9% had obstructions in the left iliac vein; he
deemed that these obstructions were congenital in
origin and were responsible for the increased incidence
of left lower extremity (LLE) DVTY, In 1943, Ehrich
and Krumbhaar found that out of 412 cadavers, 95
(23.8%) demonstrated obstructive lesions in the LCIV;
the obstructions were comprised of collagen and elastin
and were demonstrated to be acquired rather than
congenital, as was previously thought®®. However, a
comprehensive understanding of the anatomic variants
of MTS was not established until 1957, with the work of
May and Thurner.

May and Thurner, for whom the syndrome is named,
found that 22% of 430 cadavers exhibited lesions in
the LCIV; these lesions were described as “spurs” and
were postulated to arise from the chronic compression
of the LCIV by the RCIA. The spurs were categorized
as central, lateral, or resulting in partial obliteration,
based on location and size. Central spurs occur on the
anteroposterior plane and split the lumina in two, lateral
spurs occur along the sides of the LCIV, and partial
obliteration results in the lumen being covered in a
lattice of spurs and results in decreased venous flow!”®,
In 1965, Cockett et a®! further expounded the field by
determining that patients with LCIV spurs could remain
asymptomatic for a period of time due to the formation
of venous collaterals. However, it was ruled that spur
formation was an irreversible process, making early
diagnosis integral for MTS patients.

ROLE OF CLINICAL PRESENTATION IN
DIAGNOSIS

The clinical presentation and history of the patient are
critical components in formulating a diagnosis of MTS.
MTS is particularly prevalent in younger and middle
aged women (mean age = 42), although it also affects
men®, Patients most commonly present with DVT,
but may also present with LLE swelling, pain, venous
claudication, ulcerations, nausea, and varicose veins.
Rarer symptoms include phlebitis, phlegmasia alba
dolens, phlegmasia cerulea dolens, and bilateral or
right sided symptoms!>>7°, MTS can present either
acute or chronically; acute presentation of MTS is the
sudden onset of left leg edema and is usually easier
to diagnose, while the chronic phase of MTS is much
more difficult to identify and requires a comprehensive
investigation of patient history, physical examination,
and diagnostic imaging studies””. The clinical stages
of MTS can be further delineated as being either
Stage I, asymptomatic LCIV compression; stage 1I,
the formation of an intraluminal spur; or Stage III, the
occurrence of left iliac vein DVT™M™,

A patient history that reveals recurrent DVT, unexpl-
ained LLE edema, venous claudication, or varicosities
should create suspicion for MTS as a cause. Additionally,
physical examination that demonstrates LLE swelling,
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Figure 1 Transverse computed tomography and magnetic resonance images of the proximal left common iliac vein (black arrow) in a single patient across
multiple time points illustrate the challenge of diagnosing May-Thurner syndrome. The degree of venous compression can vary substantially from one imaging

study to another based upon the patient’s volume status.

skin hyperpigmentation, varicose veins, telangiectasias,
or evidence of ulceration in the ankle area are supportive
of MTSY*?, Tliofemoral thrombosis can also be a result of
trauma, surgery, immobilization, recent catheterization,
radiation and malignancies and all these explanations
must be ruled out in order to diagnose MTS™®, Once
differential diagnoses have been investigated, diagnostic
imaging tests should be undertaken in order to confirm
the presence of MTS anatomy and determine the best
modality of treatment.

DIAGNOSTIC IMAGING CRITERION AND
TECHNIQUES

Several studies have confirmed the presence of LCIV
compression in an asymptomatic patient population;
these suggest that LCIV compression is a normal
anatomic variant and not necessarily a pathologic condi-
tion!**®), Moreover, McDermott et a/"! found that the
degree of LCIV compression in a single patient can vary
over a short period of time (Figure 1); thus, the finding
of May-Thurner anatomy in a single imaging study may
just reflect the volume status of patient and may not
be sufficient to suspect or confirm MTS!!. Although
there is no established diagnostic imaging criterion for
MTS, studies recommend that the imaging standard for
appropriate diagnosis of MTS should exhibit persistent
narrowing of the iliac vein due to the presence of
permanent iliac spurs, regardless of patient positioning
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during the imaging study. Thus, normal variant LCIV
compression may be ruled out by placing the patient
in prone position as such positioning may demonstrate
a decrease in collateral flow or reveal normal iliac vein
patency'™. A visualization of greater than 50% stenosis
in the luminal diameter of the vein is considered an
adequate indicator of LCIV compression related to
MTS!”), An additional secondary indicator of MTS is the
presence of venous collaterals, presence of intraluminal
spurs, and changes in hemodynamic flow greater than
2 mmHg across the stenotic region with the patient in
supine positioning!*'”). The MTS diagnostic imaging
modalities include ultrasonography, pleythysmography,
computed tomography (CT), magnetic resonance
venography (MRV), ascending contrast venography,
hemodynamic studies, and intravascular ultrasound
(IVUS) (Figure 2). The advantages and disadvantages
of each imaging technique in the diagnosis of MTS are
discussed below.

Ultrasonography

Color Doppler ultrasonography (CDUS) is often the initial
diagnostic modality in determining venous insufficiencies
and DVT because it is noninvasive, bares no risk to
the patient, is easy to perform, and is accurate in det-
ermining the location, severity, and cause of venous
insufficiencies™®. Ultrasound can usually identify acute
iliofemoral DVT, a common result of MTS". However,
ultrasound has significant limitations in visualizing
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Figure 2 The appearance of May-Thurner syndrome on multiple imaging modalities from a single patient. A: Axial T1 fat-saturated magnetic resonance image
following the administration of an intravascular contrast agent demonstrates > 50% narrowing of the left common iliac vein by the overlying right common iliac artery; B:
Intravascular ultrasound with the transducer within the left common iliac vein (blue) demonstrates near complete obliteration of the vessel's lumen due to compression
by the right common iliac artery (red); C: Digital subtraction angiography with contrast injection from a vascular sheath in the left external iliac vein demonstrates
an obliquely oriented silhouette of the right common iliac artery compressing the left common iliac vein (arrowhead); multiple left-to-right pelvic collaterals are also
present, signifying that the compression is hemodynamically significant; D: Following the placement of an uncovered stent, the compression is resolved, and there is

no longer filling of the cross-pelvic collaterals.

abnormalities of the iliac veins because of the deep
location of the veins in the pelvis; skilled sonographers
are unable to visualize the iliac veins in approximately
20% of cases. Moreover, ultrasound does not reveal the
specific anatomic characteristics of MTS such as iliac
vein compression or intraluminal spurst*®l, However,
in a case report by Oguzkurt et al*”!, a diagnosis of MTS
was initially reached by transabdominal ultrasonography
alone and later confirmed by CT, venography, and
pressure measurements. Although transvaginal ultr-
asound can be used to determine the pathological
reflux in the internal iliac veins in women, it does not
allow for good imaging of the common iliac veins and
is therefore not a very useful tool in the diagnosis of
MTS!®), Overall, ultrasound is a useful mechanism for
determining venous patency, but a negative study result
does not rule out the possibility of MTS and therefore
more imaging tests are needed in order to establish a
diagnosis.

Pleythysmography

Air pleythysmography (APG) is a noninvasive test that
can determine the degree of venous reflux and evaluate
any proximal obstructions™, Hurst et a/*”! utilized APG
to determine the degree of iliac vein obstruction in 9
patients in order to confirm a suspected diagnosis of
MTS. In all 9 cases, APG was unable to detect any iliac
vein obstructions despite the presence of occlusions
or stenosis in all patients. Hurst et a/”! thus concluded
that APG has a low sensitivity in confirming a diagnosis
of MTS. Although APG can be useful in evaluating the
severity of venous symptoms, it can be nondiagnostic
due to the presence of collateral pathways and a lack
of sufficient narrowing to impact the flow dynamics*?.
Therefore, APG is not considered a routine diagnostic
tool for MTS and more invasive tests are required in
order to confirm a diagnosis of MTS.

Baishidenge ~ WIR | www.wjgnet.com

378

CcT

CT with intravenous contrast in a transverse plane has
proven to be a useful modality in confirming the dia-
gnosis of MTS!'*#2% A CT examination of the abdomen
or pelvis can rule out extrinsic reasons of compression
as well as identify acute DVT and collateral pathways;
however, a normal CT with 10-mm cuts cannot always
establish a diagnosis of MTS because small iliac spurs
are often too difficult to visualize and fibrosis can
conceal the underlying vasculature”*?!, However, a
CT analysis utilizing narrower cuts 3 to 5-mm can be
sufficient enough to visualize the structural details that
may be previously missed. Chung et af*"! utilized spiral
CT venography to evaluate iliac vein compression due
to MTS in 27 out of 44 patients presenting with lower
extremity DVT; Oguzkurt et al** found that CT images
in a transverse plane showed the compression of the
LCIV by the LCIA in all 10 patients tested. Additionally,
in a study conducted by Liu et al''”!, CT venography
was found to have a high sensitivity and specificity in
confirming MTS over other imaging modalities and that
it can also distinguish between non-thrombotic and
thrombotic MTS. The advantages of CT venography over
CDUS or traditional venography include lack of operator
dependence, clearer imaging of the pelvic veins, and
a shorter exam time; however, the radiation dose is
contraindicated in instances of pregnancy and large
amount of contrast medium required for CT venography
are contraindicated in patients with renal impairment**..
Overall, CT venography is a useful diagnostic tool in
demonstrating iliac vein compression, although more
studies are required in order to fully evaluate the
sensitivity and specificity of CT images in diagnosing
MTS.

MRY
Several studies have advocated that MRV is a suitable
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Figure 3 Magnetic resonance venography with axial (A), sagittal (B), and
coronal (C) reformatted images demonstrating May-Thurner syndrome
anatomy with compression of the left common iliac vein (white arrowhead)
by the right common iliac artery (black arrowhead).

imaging modality in diagnosing MTS (Figure 3)*”*. In a
case study by Wolpert et af'®!, MRV was able to confirm
a diagnosis of MTS in all 9 patients that presented with
the condition; moreover, MRV was able to reveal the
anatomic abnormalities of MTS as well as rule out the
presence of DVT or pelvic masses. Additionally, Shebel
et al”’! found that MRV was able to confirm the presence
of nonocclusive iliac spurs (thus confirming a diagnosis
of MTS) in 5 patients that had normal DUS results.
The primary advantages of MRV in the diagnosis of
MTS include its noninvasiveness, ability to analyze all
pelvic structures, and lack of operator dependence™™.
Additionally, MRV can estimate the degree of venous
collateral flow, which greatly assists in the diagnosis of
MTS?*3, Lastly, MRV can be performed without contrast,
which is beneficial to patients with contraindications such
as contrast allergies or renal impairment™®. Conversely,
the primary disadvantage of MRV in the diagnosis of
MTS is that the vasculature above bifurcations has
nonlaminar flow, which sometimes presents a confusing
image!”. Additionally, MRV studies are expensive, take
significant time to perform, and are hard to perform on
severely ill patients!*®.

Although MRV is a beneficial diagnostic option,
a single MRV study may not be sufficient enough to
diagnose MTS; McDermott et al''! found that the degree
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of left iliac vein compression significantly differs in the
same patient when undergoing repeated MRV imaging
within a short period of time due to factors such as
volume status or patient positioning™®. Because MTS is
a chronic condition with the development of permanent
adhesions and intraluminal spurs, the degree of left
iliac vein compression should not change significantly
over time or depend on patient positioning. Thus, the
sole finding of MTS anatomy on one MRV study may
not be sufficient enough to confirm a diagnosis of MTS
and more imaging studies may be necessary in order to
reach a definitive diagnosis.

Contrast venography/hemodynamic studies

Contrast venography has widely been considered the
gold standard diagnostic modality for MTS and has
been utilized to confirm a diagnosis of MTS in several
studies™®'>**, The procedure demonstrates the degree
of iliac vein stenosis and can visualize any pelvic venous
collaterals. Contrast dye must be injected in either the
popliteal or femoral veins, as the standard method of
dye injected into the dorsum of the foot is not adequate
to fully visualize the iliac venous system®. Venography
also allows for hemodynamic evaluation of MTS through
pressure gradient measurements; iliofemoral stenosis
is considered significant with a measurement of greater
than 2 mmHg at rest and greater than 3 mmHg during
periods of exercise. However, a nondiagnostic result
does not rule out MTS because the patient is tested
while at rest; exercise is usually required to increase
blood flow to demonstrate a significant pressure
gradient™”). Although ascending venography almost
always provides the evidence needed for a confirmed
diagnosis of MTS, it is time consuming, invasive, cannot
be performed in patients with widespread iliofemoral
DVT and can result in post-procedural complications
such as phlebitis™®.

IVUS

IVUS, using either a 12.5-MHz or 20-MHz ultrasound
transducer, can accurately determine LCIV vessel size
and morphology, and can verify the presence of MTS
anatomy™®*?1, Knipp et af®! utilized IVUS to confirm a
diagnosis of MTS in 36 out of 58 patients; (62.1%) and
defined the IVUS criteria for an MTS diagnosis as the
lack of an evident venous lumen proximate to the IVUS
catheter. In a small scale study conducted by Forauer et
al*”, IVUS was not only used to confirm a diagnosis of
MTS in all patients (n = 16), but information provided by
the study was also found to influence the endovascular
management of approximately 50% of the cases
while also assisting with stent placement choice and
accuracy. Moreover, in some studies, IVUS was found to
have a higher success than venography in identifying
obstructions'¥ . Overall, IVUS is a useful modality in
the diagnosis of MTS, although more studies are needed
to truly evaluate its advantages over other diagnostic
techniques.
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CLINICAL PEARLS TO IMPROVE MTS
DIAGNOSIS

There are several clinical pearls that can be considered
in the diagnosis of MTS. For instance, if ultrasound is
possible and allows for visualization of the iliac veins,
provocative maneuvers (i.e., placing the patient in
supine vs lateral positions or imaging during valsalva)
may be performed to help demonstrate permanent
vascular changes. These provocative maneuvers may
also be used at the time of venography. Supine and
prone CT or magnetic resonance imaging and cone
beam CT at the time of venography may reveal the
true state of common iliac vein. Additionally, due to the
nil per os status for the procedure, the patient may be
hypovolemic causing the IVC and iliac veins to easily
flatten; in these cases, an IV bolus of 500-1000 cc of
normal saline may be provided to the patient.

TREATMENT OPTIONS

Due to the mechanical nature of the obstruction, MTS
patients generally do not respond well to conservative
treatments'. In the past, surgical management of MTS
has resulted in variable outcomes, as it is correlated
with a high morbidity rate and has varied success in
reestablishing venous patency™®. Currently, the use
of endovascular techniques in the treatment of MTS
patients is considerably successful and carries less
risk than invasive surgical treatments®. Common
endovascular treatment options include catheter-dire-
cted thrombolysis, angioplasty, and ultimately stent
placement®>%%?*_ Angioplasty has been found to be
associated with low long-term patency rates, which
indicates that the iliac vein compression may not be
alleviated with solely the use of balloon angioplasty™”.
Additionally, stent placement is often necessary;
however, stents are also associated with poor long-term
patency rates, thus making diagnostic accuracy even
more critical in the treatment of MTS patients as the
choice to stent should be not be chosen lightly™®'. Overall,
more studies are needed in order to fully evaluate
the endovascular treatment that can provide the best

outcome'®.

CONCLUSION

Prompt diagnosis is critical in MTS patients in order to
avoid potential complications and the permanent conse-
quences of intraluminal spur development. Currently,
there is no diagnostic criteria in place to confirm a
diagnosis of MTS. Imaging techniques such as CT, IVUS,
MRV, and ascending venography have been useful
in verifying a diagnosis; conversely, ultrasonography
and pleythysmography, while useful in evaluating DVT
and venous obstructions, cannot effectively be used to
diagnose MTS and are best used in conjunction with
other imaging techniques. Overall, the identification of
MTS relies on both clinical and image findings, and more
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studies are needed in order to develop a comprehensive
protocol for both.
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